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(54) Amorphous carbon coated tools and method of producing the same 



(57) Amorphous carbon coated tools having excel- 
lent wear-resistant and anti-adhesion features and 
methods of producing the same are provided. 

Amorphous carbon coated toots comprising sub- 
strates formed from one of a cubic boron nitride sintered 
body, a diamond sintered body, a silicon nitride sintered 
body, or an aluminum oxide-titanium carbide sintered 
body, and amorphous carbon films thereon to make the 
cutting edges of the tools. The amorphous carbon films 
contain hydrogen at 5 atomic percent or below and have 
a maximum thickness of 0.05 urn to 0.5 u.m on the cut- 
ting edges. The amorphous carbon films are most suit- 
able for applications to cutting toots exemplified by cut- 
ters, knives, and slitters, and to indexable inserts used 
for example in turning tools including drills, endmitls, and 
reamers, and milling cutters. 
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Description 

[0001] The present invention relates to tools coated by amorphous carbon films having wear resistance and an anti- 
adhesion feature, said tools including cutting-off tools (represented by cutters, knives, and slitters) and indexable inserts 

5 used for example in turning tools and face milling cutter and milling cutters (exemplified by drills, en dm ills, and reamers). 
[0002] Conventional cutting tools and wear-resistant tools have hard coatings on the surface of substrates to enhance 
wear resistance and the protection of the tool surface. The substrates consist of such known materials as a WC-based 
sintered hard alloy, cermet, and high-speed steel. It is also known that the hard coatings comprise either a single layer 
or multiple layers of one or more of titanium carbide, hafnium carbide, zirconium carbide, titanium nitride, hafnium 

10 nitride, zirconium nitride, titanium carbonitride, hafnium carbonitride, zirconium carbonitride, and aluminum oxide that 
are produced through physical vapor deposition or chemical vapor deposition. 

[0003] In recent trends, however, cutting tools are used in operation at a higher speed to improve processing effi- 
ciency, thus increasing the temperature on the cutting edges thereof. Demands for specific improvements in tool ma- 
terials have also become stringent. It is therefore essential to produce hard coatings that are more stable at high 
15 temperatures, that is, more oxidation-resistant and more adhered to the substrates. In addition, it has also become of 
growing importance to enhance the wear resistance of the hard coatings, namely hardness, for longer life of the cutting 
tools. 

[0004] Particularly in fields where high levels of hardness and strength are required, a tool comprising a substrate 
formed from one of a cubic boron nitride sintered body, a diamond sintered body, a silicon nitride sintered body, or an 
20 aluminum oxide-titanium carbide sintered body is used. A tool having said hard coating on the surface of the substrate 
has been proposed. 

[00u5] For example, Japanese Patent Laying Open No. Tokukaihei No. 7-18415 proposes a cBN-based ceramic 
cutting tool covered by a single hard layer or multiple hard layers having an average thickness of 5 um to 20 um. Said 
single hard layer is formed from one selected from the group of TIC, TIN, T1CN, T1CO, T1CNO, and AI2O3, while said 

25 multiple hard layers consist of two or more of the same group. Japanese Patent Laying Open No. Tokukaihei No. 
8-119774 also proposes a tool incorporating a substrate of either a cBN sintered body or a diamond sintered body, 
and at least one hard and thermal-resistant layer thereon to cover at least the tool part relevant to the cutting process. 
Said layer contains at least one element of C, N, and O, together with the primary constituents of Ti and Al. 
[0006] In recent years, workpiece materials to be cut have become diverse, including such soft metals as aluminum 

30 alloys; nonferrous metals including titanium, magnesium, and copper; organic materials; materials containing hard 
particles like graphite; printed circuit boards; and the combination of a ferrous material and aluminum for bi-metallic 
cutting. Bi-metallic cutting is herein defined as the simultaneous cutting process of a ferrous material adhered to alu- 
minum. In machining the workpiece materials herein listed, the edge of a cutting tool is susceptible to such accumulation 
and adhesion of said workpiece materials that increase cutting resistance. In some cases, the cutting edge is chipped 

35 during the process. These specif ic workpiece materials tend to cause far greater wear of the cutting tool than do other 
workpiece materials. 

[0007] Diamond tools have conventionally been used in specific applications including the processing of soft metals 
such as aluminum and aluminum alloys, nonferrous metals represented by titanium, magnesium, and copper, materials 
containing hard particles like graphite, organic materials, printed circuit boards; and the bi-metallic cutting of a ferrous 
40 material adhered to aluminum. Tools having diamond films formed on substrates tend to have a rough surface due to 
the polycrystal line structures of the films. It is necessary, therefore, to polish the tool surface for applications in precision 
processing. 

[0008] However, as a diamond film is the hardest among the existing materials, there is no other alternative but to 
use diamond for surface polishing, and this has made the cost higher. 

^5 [0009] TIN or other ceramic films obtained through physical vapor deposition are usually as thick as 2 ujti to 3 um. 
On the other hand, a diamond film needs to have a thickness of 20 um to 30 ujn initially. This is due to the fact that 
diamond crystals grow at greatly varying speeds depending on their crystal orientation and the formed film is subjected 
to polishing to obtain a smoother surface. In addition, it is necessary to carry out etching and remove graphite that also 
grows during the diamond film deposition. This has decreased the film formation speed to one-tenth of the speed that 

so ceramic coats require, and made the production including the coating process extremely expensive. 

[0010] As with a tool wherein one of a diamond sintered body, a cBN sintered body, a silicon nitride sintered body, 
or an aluminum oxide-titanium carbide sintered body is brazed to a substrate, there has existed the problem of providing 
a complicated shape and a diameter as small as a few millimeters. When applied to a cutting tool, those materials are 
insufficiently tough so as to cause the cutting edge thereof to chip easily, abruptly ending the short lifetime. 

55 [001 1 ] Thus the present invention mainly aims to provide amorphous carbon coated tools for applications including 
the machining of soft metals, nonferrous metals, organic materials, materials containing hard particles, printed circuit 
boards, and the bi-metallic cutting of a ferrous material adhered to a soft metal. As the tool surface has an excellent 
smooth feature, said tools effectively protect the cutting edges from chipping and cause less corroded workpiece ma- 



2 



EP 1 266 879 A2 

terials to accumulate thereon. Furthermore, a high thermal conductivity of said tools curbs a temperature increase on 
said cutting edges and enables applications under severe conditions such as dry cutting and high-speed machining. 
Another object of the present invention is to provide the method of producing said tools. 

[0012] The aforementioned objects of the present invention can be attained by specifying the composition of said 

5 substrates and the thickness of amorphous carbon films thereon. 

[001 3] An amorphous carbon coated tool recited in the present invention comprises a substrate of one selected from 
the group of a cBN sintered body, a diamond sintered body, a silicon nitride sintered body, and an aluminum oxide- 
titanium carbide sintered body; and an amorphous carbon film covering at least the cutting edge thereof. Said amor- 
phous carbon film is characterized by hydrogen contained at 5 atomic percent or below and a maximum thickness of 

10 0.05 urn or more to 0.5 urn or less on the cutting edge. 

[001 4] Another amorphous carbon coated tool herein provided comprises a substrate of one selected from the group 
of a cBN sintered body, a diamond sintered body, a silicon nitride sintered body, and an aluminum oxide-titanium carbide 
sintered body; and an amorphous carbon film covering at least the cutting edge thereof. Said amorphous carbon film 
is characterized in that graphite is used as a raw material and formed into a film through physical vapor deposition in 

15 an atmosphere substantially reducing hydrogen, and the formed film has a maximum thickness of 0.05 urn or more to 
0.5 |im or less on the cutting edge. 

[0015] The amorphous carbon coated tool production method according to the present invention comprises a step 
of holding a substrate of one selected from the group of a cBN sintered body, a diamond sintered body, a silicon nitride 
sintered body, and an aluminum oxide-titanium carbide sintered body in a vacuum chamber; and another step of ap- 
20 plying a zero or negative DC bias voltage to said substrate while evaporating graphite and enabling the formation of 
an amorphous carbon film. Said method is also characterized by limiting the maximum thickness of said amorphous 
carbon film to a range from 0.05 urn to 0.5 \m on the cutting edge of said tool. 

Figure 1 is a schematic view of a vacuum chamber used in the film formation process according to the present 
25 invention. 

Figure 2 is a cross section view of a cutting edge of a tool produced according to the present invention. 
Figure 3 is a Raman spectrum of an amorphous carbon film manufactured according to the present invention. 
Figure 4 is a Raman spectrum of an amorphous carbon film produced by a conventional method. 

so [001 6] The following are details of preferred embodiments and compositions in implementing the present invention. 

(A substrate comprising a sintered body) 

<A substrate of a diamond sintered body> 

35 

[0017] It is preferable that the diamond sintered body contain diamond at 40 volume percent or over. More preferably, 
the diamond sintered body has such a composition as follows. 

(1 ) The diamond sintered body contains diamond from 50 volume percent to 98 volume percent and the remaining 
40 part consisting of a ferrous metal, WC, and inevitable impurities. It is particularly desirable that said ferrous metal 

is Co. 

(2) The diamond sintered body contains diamond from 85 volume percent to 99 volume percent and the remaining 
part formed of pores, WC, and inevitable impurities. 

(3) The diamond sintered body contains diamond from 60 volume percent to 95 volume percent and the remaining 
45 part consisting of WC; inevitable impurities; and at least one selected from the group of ferrous metals and the 

carbides and carbonitrides of elements belonging to the IVa, V a, and Via groups in the periodic table. It is further 
preferable that the remaining part comprise a binder of Co, TIC, WC, and inevitable impurities. 

(4) The diamond sintered body contains diamond from 60 volume percent to 98 volume percent, and the remaining 
part formed of tungsten carbide, inevitable impurities, and either silicon or silicon carbide. 

so 

<A substrate of a cBN sintered body> 

[0018] It is preferable that the cBN sintered body contain cBN at 30 volume percent or over. More preferably, the 
cBN sintered body has a composition described below. 

55 

(1) The cBN sintered body contains cBN from 30 volume percent or more to 80 volume percent or less and the 
remaining part formed from at least one selected from the group of the nitride, boride, carbide, and solid solution 
of an element belonging to the IVa, Va, and Via groups in the periodic table; a binder comprising an aluminum 
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compound; a ferrous metal and inevitable impurities. 

In the cBN sintered body having said composition, cBN particles are bonded mainly by said binder having low 
affinity with iron. The bond is sufficiently strong so as to improve the wear resistance and the strength of the tool 
wherein said substrate is incorporated. 

s Said cBN sintered body must have cBN from 30 volume percent or more to 80 volume percent or less. When 

the percentage is lower than 30 volume percent, the cBN sintered body is not hard enough to cut hardened steel 
and other workplece materials having a high hardness. The percentage of over 80 volume percent makes it difficult 
for a binder to bond cBN particles together and reduces the strength of the cBN sintered body. 
(2) The cBN sintered body contains cBN from 80 volume percent or more to 90 volume percent or less, has cBN 

10 particles bonded, and also contains the remaining part formed from inevitable impurities and a binder mainly con- 

sisting of either an At compound or a Co compound. In said cBN sintered body, either an Al or Co-contained metal 
that can act as a catalyst, or an intermetallic compound is used as a raw material and subjected to liquid-phase 
sintering to bond cBN particles together. Said liquid-phase sintering process makes it possible to increase the cBN 
particles contained in said cBN sintered body. With a high percentage of cBN particles, the cBN sintered body 

15 becomes less wear-resistant. On the other hand, the cBN particles have a strong skeleton structure that effectively 

protects the cutting edge of a tool from chipping and permits applications of the tool in the cutting processing under 
severe conditions. 

[0019] Said cBN sintered body contains cBN from 80 volume percent or more to 90 volume percent or less. When 
20 the percentage is below 80 volume percent, it is difficult for cBN particles therein to bond together and form a skeleton 
structure. If the percentage exceeds 90 volume percent, the quantity of said binder comprising either said catalytic Al 
or Co-contained metal or said intermetallic compound is insufficient so as to leave a part of "said body unsintered, 
thereby lowering the strength of the tool. 

25 <a substrate of a silicon nitride sintered body> 

[0020] It is preferable that the silicon nitride sintered body contain silicon nitride at 90 volume percent. More preferably, 
said silicon nitride sintered body contain silicon nitride produced through hot isostatic pressing (HIP) of 90 volume 
percent or over. It is desirable that the remaining part of said silicon nitride sintered body be formed from inevitable 
30 impurities and a binder consisting of at least one selected from the group of aluminum oxide, aluminum nitride, yttrium 
oxide, magnesium oxide, zirconium oxide, hafnium oxide, rare earths, TiN, and TIC. The silicon nitride in said sintered 
body is set at 90 volume percent. If the silicon nitride is below 90 volume percent, the silicon nitride sintered body lacks 
in hardness. 

35 <A substrate of an aluminum oxide-titanium carbide sintered body> 

[0021] It is preferable that the aluminum oxide-titanium carbide sintered body contain aluminum oxide from 20 volume 
percent to 80 volume percent and titanium carbide from 15 volume percent to 75 volume percent. Also preferably, the 
remaining part of said sintered body comprises inevitable impurities and a binder formed of one oxide of Mg, Y, Ca, 
Zr, Ni, Ti, or TiN. The aluminum oxide in said sintered body should be limited to the range of 20 volume percent to 80 
volume percent. When the percentage is below 20 volume percent, it is difficult to achieve a predetermined density. 
With the percentage exceeding 80 volume percent, said body lacks in hardness and becomes less wear-resistant. The 
titanium carbide in said sintered body must be from 1 5 volume percent to 75 volume percent. If the percentage is below 
15 volume percent, said sintered body has insufficient hardness and is less wear-resistant. With the exceeding 75 
45 volume percent, it Is difficult to achieve a predetermined density. 

(An amorphous carbon film) 

[0022] Amorphous carbon films include those generally called hard carbon films, diamond-like carbon (DLC) films, 
50 a-C:H films, and i-C films. On the other hand, an amorphous carbon film produced according to the present invention 
has the characteristics described below. 

<FiIm deposition methods> 

55 [0023] In the present invention, graphite is used as a raw material and formed into an amorphous carbon film through 
physical vapor deposition in an atmosphere substantially not containing hydrogen. The film has a high hardness equiv- 
alent to that of diamond and exhibits excellent wear-resistance features when incorporated in cutting tools. An amor- 
phous carbon film employing hydrocarbon as a raw material contains hydrogen, which differentiates the film from those 
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provided by the present invention. 

[0024] The amorphous carbon film of the present invention is formed solely of carbon atoms except the inevitable 
impurities emerging during the film deposition process. This allows the film to achieve a higher ratio of sp 3 bonding 
than the hydrogen-contained amorphous carbon film, making it possible to improve hardness. At the same time, the 
s oxidation resistant feature of the film can also be improved to nearly the same level as diamond, which begins oxidation 
at around 600°C. Though having been produced in an atmosphere substantially not containing hydrogen, the film may 
find hydrogen contained at about 5 atomic percent or below. It is conceivable that depending on the vacuum level 
during the film deposition process, hydrogen or water remaining inside the vacuum chamber may be absorbed in the 
amorphous carbon film. 

w [0025] Among the physical vapor deposition methods using graphite as a raw material, those usually employed in 
industries such as cathode arc ion plating, laser abrasion, and sputtering deposition are very effective in forming amor- 
phous carbon films at a high speed and solving the problem of high costs arising from diamond film production. Cathode 
arc ion plating is particularly desired for such film deposition in terms of the adhesiveness and hardness of the obtained 
film. By ionizing the raw material at a high level, the cathode arc ion plating method allows carbon ions to be irradiated 

15 on substrates to form an amorphous carbon film thereon. As a result, the ratio of sp 3 bonded carbons in said film is 
sufficiently high to make the film compact and very hard, thus lengthening the lifetime of the tool. 
[0026] The temperature of the substrate is preferably in the range of 50°C to 200°C. When the temperature is over 
350°C, praphite is liable to deposit on the substrate instead of amorphous carbon. The temperature of the substrate 
increases during deposition of the amorphous carbon, because a carbon ion irradiates the substrate. The temperature 

20 of the substrate therefore, may become practically in the suitable range for deposition without heating by a heater. On 
the other hand, the temperature of the substrate may be controlled by heating or cooling. 
[0027] The temperature of the substrate is more preferably in the range of 50°C to 150°C. 

<Macro particle density > 

25 

[0028] On the surface of an amorphous carbon film produced through the cathode arc ion plating method, there exist 
hard particles called macro particles. A lower macro particle density is desirable, as it causes less resistance to the 
cutting process. The density should be up to 3x1 0 5 particles/mm 2 , and more preferably, no more than 1 .5x1 0 5 particles/ 
mm 2 . Needless to say that the ultimately desired density should be 0 particle/mm 2 . If the density exceeds 3x1 0 5 par- 
se ticles/mm 2 , workpiece materials tend to con-ode and adhere to the macro particles, thereby increasing the cutting 
resistance. 

[0029] The macro particle density on the amorphous carbon film can be evaluated by means of scanning electron 
microscope (S EM) observation. The SEM observation should be conducted after a precious metal like Pt or Pd is vapor 
deposited on the surface of a sample film through ion sputtering or other methods. A photograph should be taken of 
35 the sample film surface at a magnification of 1 000 times or over. By counting the number of macro particles observed 
in the photograph, the macro particle density can be determined. 

[0030] Figure 2 is a cross sectional view of an amorphous carbon film 20 to show the growth of macro particles 21 
thereon. The amorphous carbon film 20 is in the process of being deposited on a cutting edge 23 of a tool. During this 
process, graphite particles 22 are frying and falling on the film surface. The graphite particles 22 cause protrusions to 
40 appear on the film surface. By electron microscope examination, round grains 21 in different diameters are confirmed 
present on the film surface. However, the presence of the round grains 21 is undesirable according to the present 
invention. Since the graphite particles 22 tend to fly during the film formation process, the graphite particles 22 assum- 
ably exist in various depths of the amorphous carbon film 20 as illustrated in Fig. 2. 

[0031] It is recommendable that such means as low-energy film deposition and magnetic field filtration are used to 
45 improve the surface smoothness of the amorphous carbon film, as they can prevent said round particles from flying 
out of the raw material of graphite. 

<Surface roughness> 

so [0032] The surface roughness of the amorphous carbon film is desirably in a range of 0.002 u/n or more to 0.05 urn 
or less according to the Ra definition specified under the JIS standard B0601 . Considering applications to a cutting 
tool, the film should have the smallest possible surface roughness (an Ra value). In actuality, however, the Ra value 
can never be lowered to zero. As a result of various cutting tests, it was discovered that when the Ra value was 0.05 
lim or below, less workpiece material corroded and accumulated on the cutting edge and the cutting operation per- 

55 formance improved. It is also desirable that the surface roughness of the amorphous carbon film be in a range from 
0.02 u.m or more to 0.5 urn or less according to the Ry definition specified under the JIS standard B0601 . With the Ry 
value exceeding 0.5 urn, protrusions (macro particles) on the surface of the amorphous carbon film may allow corroded 
workpiece material to accumulate thereon, leading to increased cutting resistance. 
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<Thlckness> 

[0033] An amorphous carbon film must be as thick as 0.05 urn to 0.5 urn at maximum on the cutting edge of a tool. 
If the thickness is below 0.05 ujti, a problem arises in the wear resistance of the tool. With the thickness exceeding 

5 0.5 urn, internal stress accumulated within the amorphous carbon film grows to the extent that it may cause the film to 
peel and chip. Specifying the film thickness as 0.5 ujti or below allows small macro partides to exist less densely on 
the film surface. This is also effective in limiting the surface roughness to 0.05 ujti or below (according to the afore- 
mentioned Ra definition), or to 0.5 ujti or below (according to the aforementioned Ry definition). As indicated with a T 
in Fig. 2, the amorphous carbon film is thicker on the tip of the cutting edge. If the film is thin ner on the tip, the machining 

10 performance of the tool improves. In light of anti-adhesion, it is preferred that the amorphous carbon film on the tool 
edge relevant to the cutting process have a maximum thickness of 0.05 urn or more to 0.25 urn or less. 

<Hardness> 

15 [0034] It is desirable that an amorphous carbon film have a Knoop hardness in a range from 20GPa or more to 
50GPa or less. If the hardness is below 20GPa, the amorphous carbon film may have insufficient wear resistance. 
With a hardness exceeding 50GPa, the antl-chipping feature of the tool edge may deteriorate. More preferably, the 
amorphous carbon film has a Knoop hardness of 25GPa or more to 40GPa or less. 

20 < Raman spectrum> 

[0035] It is extremely difficult to define the structure of an amorphous carbon film, due to its intrinsic quality. As a 
result of the evaluation of various amorphous carbon films, it was discovered that Raman spectrum showed differences 
in film structures. 

25 [0036] While Fig. 3 shows a Raman spectrum of an amorphous carbon film produced according to the present in- 
vention, Fig. 4 is a Raman spectrum of a conventional hydrogen-contained amorphous carbon film. Both spectra were 
obtained through the Raman spectrum analysis employing an argon gas laser with a wavelength of 514.5nm. The 
result of the measurement is shown by a solid line in Fig. 4, which has a peak at around 1340cm -1 as opposed to 
around 700cm* 1 . 

30 [0037] Secondly, background signals were subtracted from the obtained spectra to break down said spectra into two 
parts respectively. On the assumption that the two spectra having peaks indicate values to which two Gauss functions 
have been applied, the values were approximated by means of a non-linear least square regression to separate them 
into two peaks respectively. The obtained results are shown in chain lines. The heights of pronounced peaks found 
around 1340cm* 1 and 1560cm 1 are indicated respectively as 11340 and 11560. In contrast, as shown by the solid line 

35 in Fig. 3, it was difficult to identify the presence of a peak at around 1340cm- 1 in the Raman spectrum of the film 
produced according to the present invention. Instead, a broad and slight rise was confirmed present at around 700cm' 1 . 
The spectrum was also broken down into two in the aforementioned method, and the result is indicated by chain lines 
in Figure 3. In comparison between Figs. 3 and 4, it is apparent that the peak at around 1340cm -1 in Fig. 4 is not as 
high or sharp as the peak appearing in the same wave number region in Figure 3. The intensity of the peak at around 

^0 700cm* 1 is indicated as 1700. The individual peaks were calculated into integral values as shown for example by S700. 
[0038] In the amorphous carbon film produced according to the present invention, peaks were observed in three 
wave number regions: from 400cm -1 or more to 1000cm* 1 or less, around 1340cm* 1 , and around 1560cm* 1 . With a 
conventional hydrogen-contained film, however, no peak was detected in lower wave numbers from 400cm* 1 or more 
to 1 000cm* 1 or less. A structure having a peak in the wave number region from 400 cm -1 to 1 000cm* 1 enables the film 

45 to improve hardness and wear resistance. 

[0039] Furthermore, the wear resistance of the tool improves, if the ratio (1700/11 340) of the peak intensity located 
in the wave number range from 400cm* 1 or more to 1 ,000cm* 1 or less (1700) and the peak intensity occurring around 
1340cm* 1 (11340) is in a range from 0.01 or more to 2.5 or less. It can be assessed that an increase in the amount of 
either tiny graphite or sp 3 bonded carbons having strain allowed the amorphous carbon film to achieve a high level of 

50 hardness. 

[0040] Aside from the aforementioned evaluation method using a peak intensity, an assessment can be made by 
means of an integral intensity ratio of the obtained peaks. Preferably, the ratio (S700/S1340) of the integral intensity 
located in the wave number region from 400cnrr 1 to 1 ,000cm* 1 (S700) and the integral intensity found around 1340cm* 1 
(S1340) should be in a range of 0.01 to 2.5. If said ratio is below 0.01 , the amorphous carbon film has the same level 
55 of wear resistance as the conventional film. Although a variety of film deposition tests were conducted as described 
hereinafter, no amorphous film having the integral intensity ratio of 2.5 or over was not obtained. 
[0041] An amorphous carbon favorably exhibits a high level of wear resistance, when the ratio (11 340/11560) of the 
peak intensities occurring around 1560cm -1 (11560) and around 1340cm -1 (11340) is in a range from 0.1 or more to 1 .2 
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or less. The 11340/11560 ratio is also interpreted as an sp^sp 3 ratio and indicates the amount of bonded carbons 
present inside the amorphous carbon film. Although the ratio does not directly indicate the amount of sp 2 bonded 
carbons in the film, it provides an instrument for relative structure evaluation. It was found that if there was a pronounced 
peak around 1560cm- 1 , the film became harder. With a strong sp 3 bond, the wear resistance of the film improved. 
5 Aside from the peak intensity, the ratio (S1340/S1560) of the peak integral intensities occurring around 1560cm' 1 
(S1560) and around 1340cm" 1 (S1340) should be in a range from 0.3 or more to 3 or less. 

[0042] When the peak occurring around 1560cm" 1 exists in the wave number region from 1560cm -1 or more to 
1580cm -1 or less, a high level of wear resistance can be achieved. The location of a peak in a Raman spectrum varies 
depending on the stress state inside the film. In general, if compression is strong, the peak shows a shift to a high 
10 wave number region. In contrast, when tension is strong, the peak location is shifted to a lower wave number region. 
It was found that where there was strong compression in the film, the wear resistance of the film improved. 

interference Color> 

15 [0043] Amorphous carbon films employed for the prior art are not transparent in the visible light range, and have a 
dark brown or black color. In contrast, the amorphous carbon film produced according to the present invention is char- 
acterized by its transparency in the visible light range and its interference color. 

[0044] An amorphous carbon film in an interference color denotes the abundance of sp 3 bonded carbons therein. 
At the same time, it shows that the film has the physical features of a refractive index, optical band gap, and elasticity 

20 similar to diamond than to conventional amorphous carbon films. When applied in tools, the film produced according 
to the present invention exhibits a high level of resistance to wear and heat due to a high level of hardness. Thus, tools 
wherein the present invention is optimized have a noticeable characteristic of interference colors. 
[0045] According to an increase in the thickness of the amorphous carbon film, its color also changes from (1 ) brown, 
(2) reddish purple, (3) purple, (4) bluish purple, (5) blue, (6) silver, (7) yellow, (8) red, (9) blue, (10) green, (11) yellow, 

25 to (12) red. After reaching (12) red, the color again changes into (8) red, and continues to change in the same manner 
until it becomes (12) red. These color changes are sequential relative to the film thickness. When said thickness is 
between two of the aforementioned color indices, the film shows an intermediate or transitional color. 
[0046] Assessments made by inventors resulted in a finding that if the maximum thickness of the film on the cutting 
edge is specified as a range from 0.05 u.m to 0.5 \xm, the film should be in a color from (2) reddish purple to (1 0) green. 

30 The color should not necessarily be pure; iridescent colors are acceptable. Furthermore, it is also effective to cover an 
amorphous carbon film with a conventional amorphous film in dark brown or black. 

(Interlayer) 

35 [0047] It is preferable that a tool produced according the present invention have an interlayer between a substrate 
and an amorphous carbon film thereon to allow a stronger adherence of the film to the substrate. 

< Material 

40 [0048] It is preferable that said interlayer is formed from at least one element selected from the group consisting of 
an element from groups IVa, V a, Via, III b of the periodic table and an element from group IVb of the periodic table 
except C, or at least one carbide of an element selected from the aforementioned groups. 

[0049] More preferably, the interlayer is formed from at least one element selected from the group consisting of 
elements Ti, Zr, Hf , V, Nb, Ta, Cr, Mo, W, and Si, or at least one carbide of an element selected from the aforementioned 
45 group. As these metal elements can easily create a strong bond with carbon, having an amorphous carbon film on the 
interlayer comprising either an aforementioned metal element or an aforementioned metal carbide allows a stronger 
adherence of the film to the substrate. 

<Thickness> 

50 

[0050] The thickness of the interlayer should be 0.5nm or over, but no more than 10nm. Being thinner than the 
minimum limit, the interlayer does not function as anticipated. When the thickness exceeds the maximum limit, the 
adhesiveness of the film is at the same level as films provided by the prior art. Inserting such an extremely thin interlayer 
makes it possible to achieve the stronger adhesion between the film and the substrate than the prior art could offer. 
55 This may also lead to a remarkable improvement of the lifetime of the tools. 
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<Mixed Composition Layer and Gradient Composition Layer> 

[0051] It is further desirable that either a mixed composition layer or a gradient composition layer is inserted between 
the amorphous carbon film and the intehayer to achieve far stronger adhesion. While a mixed composition layer forms 

5 a mixture of the composition of each film, a gradient composition layer has a sequentially changing composition therein. 
These two layers cannot be clearly distinguished. When the production conditions are altered from the formation of an 
intertayer to the deposition of an amorphous carbon film, these different compositions usually mix and form either a 
mixed composition layer or a gradient composition layer. Difficult as it is to confirm directly the presence of such layers, 
it can be construed from the results of examination using X-ray Photo-electronic Spectroscopy (XPS) and Auger Elec- 

10 tron Spectroscopy (AES). 

(Applications of Tools) 

[0052] The amorphous carbon coated tools of the present invention are appropriate for the processing of aluminum 
is and aluminum alloys, as the tools have excellent wear-resistant and anti-adhesion features. The tools are most ap- 
propriate for the machining of such nonferrous metals as titanium, magnesium, and copper. The tools can also be used 
for the cutting of materials containing hard particles such as graphite and organic and other materials, the machining 
of printed circuit boards, and the bi-metallic cutting of a ferrous material adhered to aluminum. Furthermore, due to 
their high hardness, the amorphous carbon films can be optimized in tools for the processing not only of nonferrous 
20 materials, but also of stainless and other steel and castings. 

(Specific example of tools) 

[0053] The amorphous carbon coated tools recited in the present invention may find particular utility in applications 
involving tools selected from the group of drills, endmills, metal saws, gear cutting tools, reamers, taps, and indexable 
inserts used in the endmilling, milling cutting, and turning processing. 

[0054] As described heretofore, coated tools produced according to the present invention can maintain wear resist- 
ance and improve their anti-adhesion feature, as said tools employ substrates of specific compositions and amorphous 
carbon films having a specific thickness. Furthermore, it is also possible to extend the cutting length and the lifetime 
of said tools. Manufacturing an amorphous carbon film containing little hydrogen makes it possible to further improve 
the resistance to wear and adhesion of the tools. In light of this, it is anticipated that the present invention may find 
particular utility in applications to an indexable insert used for example in turning tools and face milling cutter and milling 
cutters (including drills, endmills, and reamers), as well as for cutting tools (represented by cutters, knives, and slitters). 
[0055] Amorphous carbon coated tools produced according to the present invention are described in detail by using 
Example Embodiments. However, conceivable embodiments are not limited to those herein provided, and any other 
means employing physical vapor deposition of graphite is deemed effective. 

(Example 1) 

40 [0056] Cemented carbide drills with an 8mm diameter wherein substrates of sintered bodies were brazed on the 
cutting edges were prepared. The following is a description of the sintered bodies (Types A to H) employed as the 
substrates in the Example Embodiments. 
[0057] Types of sintered bodies 

45 A: A sintered body containing diamond particles with a particle size from 0.1 urn or more to 2 urn or less at 93 

volume percent, and the remaining part comprising Co, WC, and inevitable impurities. 

B. A sintered body containing diamond particles with a particle size from 0.1 urn or more to 2 ujti or less at 80 
volume percent, and the remaining part comprising pores, WC, and inevitable impurities. 

C. A sintered body containing diamond particles with a particle size from 0.1 ujti or more to 2 u/n or less at 90 
so volume percent, and the remaining part comprising Co, TIC, WC, and inevitable impurities. 

D. A sintered body containing diamond particles with a particle size from 0.1 urn or more to 2 um or less at 98 
volume percent, and the remaining part comprising SiC, WC, and inevitable impurities. 

E. A sintered body containing cBN particles with a particle size from 0.1 urn or more to 5 urn or less at 70 volume 
percent, and the remaining part being Co, inevitable impurities, and a binder formed from TiN, TIB^ AIN AlBg, WC, 

55 and Al 2 0 3 . 

F. A sintered body containing cBN particles with a particle size from 0.1 urn or more to 5 ujti or less at 80 volume 
percent, and the remaining part being inevitable impurities and a binder formed from AIN, AIB^, and AI2O3. 

G. A sintered body containing silicon nitride particles with an average size of 1.5 u/n at 95 volume percent, and 
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the remaining part being a binder formed from Al^, AIN, MgO, TiN, and TIC, and inevitable impurities. 
H. A sintered body containing aluminum oxide particies with an average size of 1 .5 urn at 67 volume percent and 
titanium nitride particles with an average size of 1 .5 u/n at 28 volume percent, and the remaining part being a 
binder of MgO and CaO, and inevitable impurities. 

5 

[0058] A known method of cathode arc ion plating was conducted for the surface of said substrates to prepare amor- 
phous carbon coated drills (Samples 1 to 21) according to the present invention as shown in Table I . 
[0059] As indicated in Figure 1 , a plurality of targets 2 and 3 were placed inside a vacuum chamber 1 . Cemented 
carbide drills 5 wherein the aforementioned sintered bodies were brazed on the cutting edges were installed on a 
io substrate holder 4. The substrate holder was rotatable in the middle of said targets 2 and 3. Power sources 7 and 8 
were adjusted to change ion arc electric discharge. The amount of evaporated target material was controlled while 
amorphous carbon formed films on the drills. 

[0060] First, substrate heaters 6 were used to increase the temperature to 1 00°C while the vacuum level inside the 
vacuum chamber 1 was adjusted to 2 x 10 -3 Pa. Argon gas was then supplied to the vacuum chamber 1 , while the 
« atmosphere therein was held at the vacuum level of 2 x 1 0" 1 Pa. At the same time, argon plasma cleaning was carried 
out on the substrate holder 4 by applying -1000 volts from a bias power source 9 before the discharge of argon gas. 
Gas was supplied through a gas inlet 10, and discharged through an exhaust port 11 . 

[0061] Secondly, prior to the deposition of amorphous carbon films, targets of a metal element belonging to the IVa t 
Va, Via, and 1Mb groups in the periodic table were evaporated and ionized. At the same time, -1 000 volts were applied 
20 to the substrate holder 4 from the bias power source 9 to carry out metal ion bombardment. Etching was also conducted 
for the surface of the films for further strengthened adherence. 

[0062] With or without the introduction of hydrocarbon gas, the targets comprising one element selected from the 
group consisting of an element from groups IVa, Va, Via, 1Mb of the periodic table and an element from group IVb except 
C in the periodic table were evaporated and ionized. A few hundred negative voltages were applied from the bias power 
25 source 9 to the substrate holder 4 to cause either the metals or the metal carbides to form interiayers. The interiayer 
and amorphous carbon films were formed as a result of changing the targets and the atmosphere. Such changes 
usually cause two layers to mix compositions, albeit slightly. It can be deduced, therefore, that there exists a mixed 
composition layer or a gradient composition layer between the two layers. 

[0063] Evaporating and ionizing the targets of graphite through cathode arc electric discharge permitted amorphous 

30 carbon films to form on, and in contact with, cemented carbide drills. The voltages applied from the bias power source 
9 was set as a few hundred negative voltages. The temperature of the cemented carbide drills was 100°C. 
[0064] For comparison, coated drills (Comparative Examples 1 to 8) were prepared as shown in Fig. 1. Sintered 
bodies employed in the Comparative Examples were of Type A. Comparative Example 1 was the same cemented 
carbide drill as provided heretofore, and had a hydrogenated amorphous carbon film formed thereon by the use of a 

55 conventional plasma CVD film deposition apparatus that employed CH 4 gas as a raw material. Comparative Examples 
2 to 4 were the same cemented carbide drills as provided heretofore, and each said drill had an amorphous carbon 
film formed thereon through the cathode arc ion plating method employing graphite as a raw material. However, the 
films in Comparative Examples 2 to 4 did not have a thickness in the range herein specified. Comparative Example 5 
was the same cemented carbide drill as provided heretofore, and had a hydrogenated amorphous carbon film formed 

^0 thereon through the cathode arc ion plating method wherein CH 4 gas was added to the atmosphere. However, the 
amount of hydrogen contained in the film was out of the range herein specified. Comparative Examples 6 and 7 were 
the same cemented carbide drills as provided heretofore, and had coatings respectively formed from TiN and TiAIN 
through the cathode arc ion plating method. Comparative Example 8 was a drill having no film thereon. 
[0065] Then, a drilling test was conducted under the conditions specified in Table ill (wet conditions with oil supply 

45 from outside) for each of the drills produced in the aforementioned methods. Concerning each said drill, a reduction 
ratio of thrust resistance was measured in comparison with Comparative Example 8 as a standard. Examination was 
also made concerning the presence of corroded workpiece material adhered to the cutting edge thereof. The results 
of the drilling test are disclosed in Table II. The amount of hydrogen in the obtained amorphous carbon film was eval- 
uated through the Elastic Recoil Detection Analysis (ERDA). The thickness of each said film on the cutting edge was 

so measured by conducting SEM observation of the cross section of the cutting edge. 
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Table III 



10 



Workpiece material machined 


A5052 


Cutting speed 


100m/min. 


Feed rate 


0.5mm/rev 


Cutting depth 


40mm 


Number of holes 


1000 holes 


(A5052: Japanese Industr 
H4000) 


at Standards 



[0066] According to the results shown in Table II, the TIN film (Comparative Example 6) and the TiAIN film (Compar- 
ative Example 7) both conventionally used; and the amorphous carbon films of Comparative Examples 1 to 5 deviating 

is from the specified standard range had the same level of thrust resistance as did Comparative Example 8 without a 
coating. Comparative Examples 1 to 7 were inferior to Comparative Example 8 in terms of protecting the cutting edge 
from the accumulation of the corroded workpiece material. In contrast, it is apparent that the drills produced according 
to the present invention (Samples 1 to 21) demonstrated excellent wear resistance to the drilling of aluminum and 
caused less aluminum to corrode and accumulate on the cutting edges. This also reaffirms that said drills achieved 

20 high precision in the drilling processing and may last longer. 

(Example 2) 

[0067] In the same method employed In Example 1, an amorphous carbon film of sample 4 was formed on the 
25 substrate of a cemented carbide reamer with a 4mm diameter, wherein the diamond sintered body of Type A was 
brazed on the cemented carbide reamer as a substrate. Said diamond sintered body was placed in a closed container 
together with an nitric-hydrofluoric acid comprising a 30 mol % nitric acid and a 45 mol % hydrofluoric acid respectively 
at the rate of 4 to 1 . Then, the sintered body was preserved for 12 hours at the temperature of 130°C to elute other 
components than diamond. Thereafter, the sintered body was brazed to said cemented carbide reamer. For compar- 
30 ison, the same type of cemented carbide reamers were prepared and are indicated in Comparative Examples 1 to 8. 
Comparative Example 1 was coated by a hydrogenated amorphous carbon film produced through the CVD method. 
Comparative Examples 2 to 4 were covered with amorphous carbon films having a thickness out of the present inven- 
tion. Comparative Example 5 was coated by a hydrogenated amorphous carbon film manufactured through the cathode 
arc ion plating method, wherein CH 4 was added to the atmosphere gas. Comparative Examples 6 and 7 were covered 
35 respectively by a TIN film and a T1AIN film. Comparative Example 8 had no coating thereon. 

[0068] Secondly, drilling tests were conducted by the use of aluminum die cast (ADC12) under the conditions provided 
in Table IV concerning said reamers coated with the films respectively produced by the aforementioned methods. 
Thereafter, the hole counts and the state of the cutting edges were examined. 



Table IV 



Workpiece material machined 


ADC12 


Cutting speed 


230m/min. 


Feed rate 


0.15mm/rev 


Cutting depth 


15mm 


(ADC12: the Japanese Industrial Standards 
H5302) 



[0069] As a result of the tests, Comparative Examples 1 to 7 found varied hole diameters when the hole counts 
reached 600. Examination of the reamers revealed that the cutting edges were worn and partly chipped on the tips. 
As for Comparative Example 8 haying no coating, it was found that chipping occurred to the cutting edge soon after 
the drilling test began when the count reached 3. 

[0070] On the other hand, the reamer coated with the amorphous carbon film produced according to the present 
invention (Sample 4) did not experience any problems in machining the workpiece material when the hole count reached 
9500. No sign of wear or chipping was observed. 
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(Example 3) 

[0071] In the same method employed in Example 1 , an amorphous carbon film (Sample 6) was formed on the surface 
of an Insert for the endmill processing, wherein a sintered body (Type E) was brazed to a substrate of the cemented 

5 carbide insert. The insert was manufactured in a shape specified as TPGN1 60304 according to the ISO. For compar- 
ison, the same type of inserts were made available and covered respectively by a hydrogenated amorphous carbon 
film produced through the CVD method (Comparative Example 1); amorphous carbon films having a thickness out of 
the standard range herein provided (Comparative Examples 2 to 4); a hydrogenated amorphous carbon film formed 
through cathode arc ion plating wherein CH 4 gas was added to the atmosphere (Comparative Example 5); a UN film 

io (Comparative Example 6); and a TiAIN film (Comparative Example 7). 

[0072] Next, endmllls coated with said films produced in the aforementioned manner were tested in the endmill 
processing of aluminum die cast (ADC 12) under the conditions specified in Table V. The cutting length and the state 
of the tool edges were evaluated individually until the surface roughness of the machined workpiece material began 
to deviate from the standard herein provided. 

15 



Table V 



20 



Workpiece material machined 


ADC12 


Cutting speed 


300m/min. 


Feed rate 


0.1 mm/rev 


Cutting depth 


Ad=Rd=5mm 


Ad: axial depth of the cuts 
Rd: radial depth of the cuts 



25 

[0073] The following are the test results (cutting length) of the endmills coated by the use of the conventional art. 
Comparative Example 1 having the hydrogenated amorphous carbon film produced through chemical vapor deposition 
recorded 25 meters of cutting length while Comparative Examples 2 to 4 having the amorphous carbon films whose 
thickness was out of the standard range herein specified recorded 80 meters of cutting length. Comparative Example 

30 5 having the hydrogenated amorphous carbon film deposited through cathode arc ion plating with CH 4 gas added to 
the atmosphere found a cutting length of 35 meters of cutting length. Comparative Examples 6 and 7 with PVD-produced 
metal nitride films thereon cut respectively 9 meters of cutting length and 5 meters of cutting length until they began 
deviating from the specified standard of the surface roughness at which point a judgment was made that their lifetime 
ended. Thereafter, the tools of Comparative Example 6 and 7 were examined after the removal of aluminum adhered 

35 to the tip thereof. The deposited films were no longer present and the substrates of cBN sintered bodies underneath 
were exposed. 

[0074] On the other hand, the endmill of Sample 6 maintained the surface roughness of the machined material within 
the specified standard range when the cutting length reached 800 meters. The tool may be considered to last longer. 

40 (Example 4) 

[0075] In the same method employed in Example 1, an amorphous carbon film (Sample 2) was deposited on the 
substrate of a cemented carbide insert, wherein a diamond sintered body was brazed to make an indexable insert as 
the substrate. In Example 4, the sintered body of Type A was employed as a substrate. For comparison, the cemented 

45 carbide inserts of the same type were coated respectively with a hydrogenated amorphous carbon film formed through 
chemical vapor deposition (Comparative Example 1), a TIN film (Comparative Example 6), and a TIAIN film (Compar- 
ative Example 7). Next, each of the coated indexable inserts produced in the aforementioned manner was incorporated 
in a holder with a diameter of 32mm and used for the endmill processing of aluminum die cast (A390) under the 
conditions provided in Table VI. Then, the cutting length and the state of the cutting edges were evaluated until the 

so surface roughness of the machined material began to deviate from the standard herein provided. 



Table VI 



Workpiece material machined 


A390 


Cutting speed 


200m/min. 


Feed rate 


0.1mm/rev 
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Table VI (continued) 



Cutting depth 


Ad=Rd=3mm 


A390: AM6~18%wt%Si 




Ad: axial depth of the cuts 




Rd: radial depth of the cuts 





[0076] The results of the aforementioned tests are as follows. The hydrogenated amorphous carbon film produced 
through chemical vapor deposition (Comparative Example 1 ) recorded a cutting length of 1 0 meters of cutting length. 

10 The PVD-produced metal nitride films (Comparative Examples 6 and 7) cut respectively 3 meters of cutting length and 
4 meters of cutting length until the surface roughness of the machined material began to deviate from the standard 
herein specified. At this point a judgment was made that the lifetime of the tools ended. After the removal of aluminum 
from the coated drills, the surface of the cutting edges of the drills was examined. The films were confirmed to be no 
longer present and the substrates beneath were exposed. 

15 [0077] The endmill of Sample 2 began to deviate from the standard specified in respect of the surface roughness of 
the material machined, when the cutting length reached 700 meters. At is point, a judgment was made that the lifetime 
of the tool ended. 

[0078] While example embodiments have been herein disclosed, it should be understood that they are not intended 
to limit the disclosure, but rather to cover all modifications and present alternate methods falling within the spirit and 
the scope of the invention as defined in the appended claims and their equivalents. 
[0079] Aside from the foregoing examples, the present invention is applicable to an indexable insert used for example 
in other types of turning tools (represented by drills, endmills, and reamers), milling cutters, and in other types of cutting 
tools (including cutters, knives, and slitters). 

25 

Claims 

1 . An amorphous carbon coated tool comprising: 

30 a substrate; and 

an amorphous carbon film thereon covering at least the cutting edge; wherein said substrate consists of one 
selected from the group of a cubic boron nitride sintered body, a diamond sintered body, a silicon nitride sintered 
body, and an aluminum oxide-titanium carbide sintered body; and 

said amorphous carbon film contains hydrogen at 5 atomic percent or below and has a maximum thickness 
35 of 0.05 urn or more to 0.5 ujti or less on the tool edge. 

2. An amorphous carbon coated tool comprising: 

a substrate; and 

40 an amorphous carbon film thereon covering at least the cutting edge; wherein said substrate consists of one 

selected from the group of a cubic boron nitride sintered body, a diamond sintered body, a silicon nitride sintered 
body, and an aluminum oxide-titanium carbide sintered body; and 

said amorphous carbon film is formed from graphite as a raw material through physical vapor deposition in an 
atmosphere substantially reducing hydrogen and has a maximum thickness of 0.05 urn or more to 0.5 urn or 
less on the cutting edge. 

3. The amorphous carbon coated tool described in either claim 1 or 2, wherein said amorphous carbon film substan- 
tially consists solely of carbon. 

4. The amorphous carbon coated tool described in any of claims 1 to 3 and characterized in that said amorphous 
carbon film has macro particles thereon at a density up to 3 x 1 0 5 partides/mm 2 . 

5. The amorphous carbon coated tool described in any of claims 1 to 4, wherein said amorphous carbon film has the 
maximum thickness of 0.05 urn or more to 0.25 ujti or less on the tool edge relevant to the cutting process. 

6. The amorphous carbon coated tool described in any of claims 1 to 5, wherein said amorphous carbon film has a 
surface roughness (Ra) of 0.002 u/n or more to 0.05 ujti or less. 
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7. The amorphous carbon coated tool described in any of claims 1 to 6, wherein said amorphous carbon film has a 
surface roughness (Ry) of 0.02 um or more to 0.5 u/n or less. 

8. The amorphous carbon coated tool described in any of claims 1 to 7, wherein said amorphous carbon film has a 
5 Knoop hardness of 20GPa or more to 50GPa or less. 

9. The amorphous carbon coated tool described in any of claims 1 to 8, wherein said amorphous carbon film has a 
peak in a wave number region from 400cm" 1 or more to 1000cm: 1 or less in a Raman spectrum obtained by a 
Raman Spectroscopy using an argon ion laser with a wavelength of 514.5nm. 

10 

10. The amorphous carbon coated tool described in claim 9, wherein said amorphous carbon film has a (1700/11340) 
ratio of the intensity of a peak present in the wave number region from 400cm" 1 or more to 1 000cm* 1 or less (I700) 
and the intensity of another peak found around 1340crrr 1 (11340) in the range from 0.02 to 2.5. 

is 11. The amorphous carbon coated tool described in either claim 9 or 10, wherein said amorphous carbon film has a 
(S70Q/S1340) ratio of the integral intensity of a peak present in the wave number region from 400cm" 1 or more to 
1 000cm" 1 or less (S700) and the integral intensity of another peak observed around 1 340crrr 1 (S1 340) in the range 
from 0.01 or more to 2.5 or less. 

20 12. The amorphous carbon coated tool described in any of claims 9 to 11 , wherein said amorphous carbon film has a 
(11340/11560) ratio of the intensity of a peak present around 1560cm" 1 (11560) and the intensity of another peak 
found around 1340cm -1 (11340) in the range from 0.1 or more to i .2 or less. 

13. The amorphous carbon coated tool described in any of claims 9 to 12, wherein said amorphous carbon film has 
25 a (S1 340/S1 560) ratio of the integral intensity of a peak present around 1 560cm" 1 (11 560) and the integral intensity 

of another peak found around 1340cm -1 (11340) in the range from 0.3 or more to 3 or less. 

14. The amorphous carbon coated tool described in any of claims 9 to 13, wherein said amorphous carbon film has 
a peak around 1560cm" 1 existing In the wave number range from 1560cmr 1 or more to 1580cm" 1 or less. 

30 

15. The amorphous carbon coated tool described in any of claims 1 to 14, wherein said amorphous carbon film is 
transparent in the visible light range and has an interference color. 

16. The amorphous carbon coated tool described in claim 15, wherein said amorphous carbon film has an interference 
35 color selected from the group of reddish purple, purple, bluish purple, blue, silver, yellow, red, and green. 

17. The amorphous carbon coated tool described in any of claims 1 to 16, wherein an interiayer exists between said 
substrate and said amorphous carbon film, said interiayer being formed of at least one element selected from the 
group consisting of an element from groups IVa, Va, Via, illb of the periodic table and an element from group, I Vb 

40 of the periodic table excluding C, or at least one carbide of the element selected from the same groups, and said 

interiayer has a minimum thickness of 0.5nm or over, but less than 10nm. 

18. The amorphous carbon coated tool described in claim 17, wherein said interiayer comprises at least one element 
selected from the group of Ti, Zr, Hf , V, Nb, Ta, Cr, Mo, W, and Si, or at least one carbide of the element selected 

45 from the same group. 

19. The amorphous carbon coated tool described in either claim 17 or 18, wherein either a mixed composition layer 
having a mixed component deriving from each film, or a gradient composition layer having a gradually changing 
composition exists between said interiayer and said amorphous carbon film. 

so 

20. The amorphous carbon coated tool described in any of claims 1 to 19 and characterized by applications to the 
processing of workpiece materials such as soft metals, nonferrous metals, organic materials, materials containing 
hard particles, and printed circuit boards, and to the bi-metallic cutting of a ferrous material and a soft metal. 

55 21 . The amorphous carbon coated tool described in any of claims 1 to 20 and characterized by being a tool selected 
from the group of drills, micro drills, endmills, an indexable insert for the endmill processing, metal saws, gear 
cutting tools, reamers, taps, an indexable insert for the endmilling, milling cutting, and turning processing. 
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22. A method for manufacturing an amorphous carbon coated tool, said method comprising the steps of: 

holding a substrate comprising one of the group of a cubic boron nitride sintered body, a diamond sintered 
body, a silicon nitride sintered body, and an aluminum oxide-titanium carbide sintered body inside a vacuum 
5 chamber; 

applying a zero or negative bias voltage to said substrate while evaporating graphite as a raw material to form 
an amorphous carbon film; and 

limiting the maximum thickness of said amorphous carbon film on the cutting edge to the range from 0.05 u/n 
or more to 0.5 urn or less. 

10 

23. The method for manufacturing the amorphous carbon coated tool described in claim 22, wherein said step of 
forming said amorphous carbon film is conducted through cathode arc ion plating. 

15 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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